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This  report  was  prepared  as  an  account  of  work  sponsored  by  the  United  States 
Government.  Neither  the  United  States  nor  the  United  States  Department  of  Energy,  nor 
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the  accuracy,  completeness  or  usefulness  of  any  information,  apparatus,  product  or 
process  disclosed,  or  represents  that  its  use  would  not  infringe  privately  owned  rights. 


MONTHLY  PERFORMANCE  REPORT 
HULLCO  CONSTRUCTION 
APRIL  1979 

I.    SYSTEM  DESCRIPTION 

The  Hullco  Construction  solar  energy  system  is  a  passive  space  heating 
system  for  a  single  family  residence  located  in  Prescott,  Arizona.  The 
south-facing  building,  illustrated  in  the  drawings  of  Figure  1,  is  a 
combination  greenhouse  and  direct  gain  passive  system.  Incident  solar 
energy  enters  the  building  through  approximately  400  square  feet  of 
double-glazed  prefabricated  Kalwall  panels.  Two  sliding  glass  doors 
between  the  greenhouse  and  the  house  along  with  a  window  in  the  bathroom 
admit  incident  solar  energy  directly  into  the  master  bedroom,  living 
room  and  bath  areas  of  the  house.  Collected  solar  energy  not  used  to 
satisfy  the  immediate  building  space  heating  demand  is  stored  directly 
in  the  massive  walls  and  floors  of  the  building  or  indirectly  in  the  670 
cubic  feet  of  3  to  5  inch  diameter  rock  storage  which  is  located  under 
the  floor  of  the  north  half  of  the  building.  Stored  energy  is  released 
by  low- temperature  radiation  to  satisfy  the  building  space  heating 
demand  during  periods  of  time  when  incident  solar  energy  is  not  available. 

Direct  storage  of  collected  solar  energy  is  provided  by  the  walls  and 
floor  of  the  building.  The  brick  floor  and  the  black  painted  north  wall 
of  the  greenhouse  provide  solar  energy  storage  for  the  greenhouse.  The 
12-inch  thick,  sand-filled  concrete  block  greenhouse  north  wall  acts  as 
a  Trombe  wall,  storing  collected  energy  from  the  greenhouse  during  the 
day,  and  releasing  the  collected  energy  by  radiation  to  the  south  part 
of  the  building  at  night.  The  4-inch  thick  building  concrete  slab  floor 
acts  as  direct  solar  storage,  particularly  in  the  living  room  and  master 
bedroom  areas  where  the  floor  is  covered  with  Mexican  tile  masonary. 
Additional  storage  is  provided  by  the  8-inch  thick  solid  grouted  concrete 
exterior  insulated  building  walls  on  the  north,  east,  and  west  perimeter 
of  the  building. 
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Indirect  storage  of  collected  solar  energy  is  provided  by  the  670  cubic 
feet  of  rock  storage  located  under  the  north  side  of  the  building  and  by 
the  4-inch  thick  carpeted  concrete  slab  floor  poured  on  top  of  the 
rock.  Solar  energy  collected  in  the  greenhouse  is  transferred  to  the 
rock  bed  from  vents  at  the  end  of  the  greenhouse  through  under-floor 
ducts  by  two  one-third  horsepower  blowers  located  at  the  east  and  west 
ends  of  the  greenhouse.  After  transferring  energy  to  the  rocks,  the  air 
returns  to  the  greenhouse  through  the  house  from  floor  vents  located  at 
the  north  side  of  the  building.  The  greenhouse  fans  operate  when  tempera- 
tures near  the  top  of  the  greenhouse  reach  approximately  90°F.  Energy 
stored  in  the  rock  is  released  through  the  carpeted  concrete  floor  to  the 
house. 

Summer  overheating  protection  is  provided  by  venting  of  the  greenhouse 
and  by  both  natural  and  artificial  shading  of  the  greenhouse  glazing. 
Natural  shading  of  the  greenhouse  is  accomplished  by  the  use  of  an 
existing  tree  to  the  southeast  of  the  structure.  However,  the  tree,  a 
juniper  tree,  does  shade  the  greenhouse  some  during  mornings  even  during 
heating  season.  Additional  greenhouse  shading  can  be  provided  by  a 
redwood  snow  fence  placed  over  the  glazing.  Draperies  covering  the 
sliding  glass  doors  on  the  north  wall  of  the  greenhouse  can  be  closed  to 
prevent  incident  sunlight  from  entering  the  building.  Nighttime  venting 
of  the  building  can  be  used  to  cool  the  energy  storage  masses,  thus 
cooling  the  building  during  the  day  as  energy  generated  inside  the 
building  is  absorbed  by  the  walls  and  floor.  Daytime  venting  of  the 
greenhouse  is  accomplished  using  a  thermostatically  controlled  powered 
fan,  located  at  the  top  of  the  greenhouse,  to  draw  air  through  the  house 
and  out  the  top  of  the  greenhouse. 

Low  building  heating  loads  are  maintained  by  the  use  of  good  energy  con- 
servation construction  techniques.  The  north,  east,  and  west  walls  are 
insulated  on  the  outside  of  the  concrete  blocks  with  two  inches  of 
styrafoam  with  a  total  wall  R-value  of  11.  Nine  inches  of  fiberglass 
batt  insulation  is  used  in  the  roof  to  yield  a  roof  R-value  of  32.  The 
entire  perimeter  of  the  concrete  slab  floor  is  insulated.  A  minimum  of 


window  area  is  used  on  the  north  east  and  west  walls.  The  building  is 
bermed  four  feet  into  the  earth  on  the  north  and  west  sides. 

Auxiliary  energy  for  space  heating  can  be  supplied  by  either  electric 
radiant  heat  panels,  or  by  the  wood-burning  stove.  The  wood-burning 
stove  uses  outside  combustion  air.  The  ceiling-mounted  electric  radiant 
heat  panels,  located  in  each  room,  are  controlled  by  individual  room 
thermostats. 

The  predicted  annual  solar  contribution  to  the  building  load  is  80 
percent.  Design  monthly  building  heating  loads  for  the  entire  area, 
including  the  greenhouse,  are  approximately  11,000  Btu  per  heating  degree- 
day. 

II.   PERFORMANCE  EVALUATION 

A.  Introduction 

During  April,  the  passive  solar  energy  system  at  the  Hullco  Construction 
site  satisfied  almost  100  percent  of  the  space  heating  energy  demand. 
Operation  of  the  wood-burning  stove  during  part  of  the  month  and  the 
energy  generated  inside  the  house  by  people,  lights  and  appliances 
satisfied  the  remainder  of  the  building  load.  Weather  conditions  were 
near  the  long-term  average  weather  conditions  for  the  Prescott  area 
during  April.  Variations  in  building  temperature  were  generally  small 
during  each  day,  indicating  the  presence  of  substantial  amounts  of 
energy  storage  capacity.  Comfort  levels  remained  reasonable  throughout 
most  of  the  month.  Savings  of  electrical  energy  were  substantial,  even 
as  compared  to  a  similar  building  with  a  conventional  south  wall. 

B.  Weather 


The  average  incident  solar  energy  on  the  greenhouse  glazing  was  1  ,958 

2 
Btu/ft  -day,  which  was  somewhat  above  the  long-term  average  of  1,729 

2 
Btu/ft  -day  derived  from  measurements  at  the  Phoenix,  Arizona  weather 


bureau.  The  average  outside  ambient  temperature  for  April  was  51  °F, 
very   near  to  the  long-term  April  average  outside  ambient  temperature  for 
Prescott  of  52°F. 

C.    System  Thermal  Performance 

Of  the  23.5  million  Btu  incident  on  the  greenhouse  glazing,  approximately 
6.67  million  Btu  were  collected,  resulting  in  a  monthly  collection  ef- 
ficiency of  28  percent.   It  should  be  noted  that  this  collection  efficiency 
does  not  include  energy  losses  through  the  glazing.  The  glazing  losses 
are  included  as  a  part  of  the  building  load.  The  collection  efficiency 
is  lower  than  would  be  expected  for  April  due  to  the  intentional  venting 
of  the  building  which  occurred  during  several  of  the  warmer  days  of  the 
month  and  the  shading  effects  of  the  redwood  snow  fence.  The  collected 
solar  energy,  along  with  0.001  million  Btu  of  auxiliary  electric  fuel 
satisfied  the  space  heating  demand  of  6.43  million  Btu.  Electrical  energy 
used  for  operation  of  the  greenhouse  fans  was  0.13  million  Btu.  The 
remainder  of  the  collected  solar  energy  was  used  to  increase  the  net 
energy  level  of  the  storage  masses  at  the  end  of  the  month  by  0.23 
million  Btu. 

On  a  few  days  early  in  the  month,  the  wood-burning  stove  was  used  to  satis- 
fy a  measurable  amount  of  the  building  load.  The  thermal  energy  derived 
from  operation  of  the  wood-burning  stove  is  applied  as  a  reduction  to  the 
building  load.  That  is,  the  difference  between  the  building  load  and  the 
space  heating  subsystem  demand  is  the  energy  derived  from  operating  the 
wood  stove.  During  April,  this  renewable  energy  was  approximately  0.20 
million  Btu. 

The  predicted  building  load  for  April  was  4.54  million  Btu.  The  actual 
building  load  (the  sum  of  the  heating  demand,  greenhouse  fan  power,  and 
wood-stove  energy)  was  6.63  million  Btu,  considerably  higher  than  the 
design  prediction.  The  majority  of  this  difference  is  accounted  for  by 
warmer  than  design  interior  temperature  during  April.  The  remainder  of 
the  difference  is  due  to  an  increase  in  infiltration  of  outside  air 
compared  to  the  design  infiltration  rate,  due  to  slightly  open  windows. 


The  collected  solar  energy,  6.67  million  Btu,  would  have  been  sufficient 
to  satisfy  100  percent  of  the  design  building  load  of  4.54  million  Btu 
for  April.  However,  due  to  the  warmer  interior  temperatures  and  consequent 
larger  than  expected  building  load,  the  collected  solar  energy  was  able 
to  satisfy  only  97  percent  of  the  building  load.   It  should  be  noted 
that  the  reported  parameter,  LOAD,  is  actually  a  heating  demand  and  is 
determined  as  the  difference  between  the  building  load  and  other  energy 
sources  inside  the  house  (i.e.,  the  wood  stove). 

The  system  thermal  storage  masses  provided  both  adequate  thermal  reserves 
and  reasonable  damping  of  daily  building  temperature  variations  during 
April.  Daily  variations  in  minimum/maximum  building  temperature  averaged 
6°F  for  the  month,  with  a  maximum  variation  of  8°F  occurring  on  several 
days.  Minimum  building  temperatures  generally  occur  near  sunrise  and 
maximum  building  temperatures  near  sunset.  Consequently,  the  building 
temperatures  recorded  at  6:00  a.m.  and  6:00  p.m.  are  quite  close  to  the 
daily  minimum  and  maximum  building  temperatures.  The  average  minimum 
daily  building  temperature  was  70°F  while  the  average  maximum  daily 
building  temperature  was  76°F. 

Computed  comfort  levels  inside  the  building  were  reasonable  during  most 
of  the  month  in  both  zones  of  the  building.  The  comfort  level  in  zone  2 
was  slightly  lower  than  that  of  zone  1  due  to  the  distance  between  zone 
2  and  the  primary  collection  and  storage  area  of  the  south  wall.  The 
actual  comfort  level  experienced  by  the  occupants  was  higher  than  the 
level  reported  due  to  the  humidity  level  inside.  The  interior  relative 
humidity  was  relatively  high  (over  50  percent)  for  the  entire  month. 

D.    Observations 

As  in  past  months,  the  rock  storage  area  under  the  north  side  of  the 
building  appeared  to  provide  little  benefit  to  the  building.  The  average 
temperature  of  the  rock  was  generally  5  to  10°F  less  than  the  zone  2 
building  temperature.  Only  the  top  of  the  rock  was  near  the  temperature 
of  the  building.  This  was  due  to  energy  transferred  from  the  building 
to  the  rock  through  the  concrete  slab  floor. 


The  report  parameter  "ECSS  Solar  Conversion  Efficiency"  shown  on  the 
summary  page  of  the  attached  computer  printout  is  defined  as  the  ratio 
of  the  solar  energy  used  by  the  system  to  the  total  incident  solar 
energy.  As  such,  it  represents  an  efficiency  indication  of  the  use  of 
solar  energy  by  the  system.  The  value  printed  in  this  report,  27  percent, 
is  computed  with  respect  to  the  building  use  of  solar  energy.  Since  part 
of  the  solar  energy  used  by  the  building  is  used  to  replace  energy  losses 
through  the  glazed  area  of  the  greenhouse,  then  this  parameter  would  be 
expected  to  have  a  higher  value  than  for  an  active  solar  energy  system, 
or  a  higher  value  as  compared  to  a  building  of  more  conventional  con- 
struction. 

During  April,  the  occupant  began  a  transition  to  summer  operating  modes. 
The  redwood  snow  fence  was  placed  over  the  greenhouse  glazing  in  a  manner 
such  that  approximately  25  percent  shading  was  accomplished.  Near  the 
end  of  the  month,  increased  venting  of  the  building  was  noted  as  the  occu- 
pants began  to  prepare  for  the  summer  cooling  season. 

E.    Energy  Savings 

The  building  energy  savings  for  April  at  the  Hullco  Construction  site  were 
an  estimated  6.3  million  Btu  (1,846  kwh)  of  electrical  power.  When  compared 
to  a  conventional  building  with  similar  energy  conservation  features,  these 
building  savings  are  reduced  to  a  comparison  savings  of  3.6  million  Btu 
(1,063  kwh).  As  compared  to  a  comparison  building  where  variations  in  build- 
ing temperature  were  mo^e  tightly  controlled,  the  comparison  savings  become 
the  comparison  set  point  savings  of  1.3  million  Btu  (383  kwh).  The  large 
difference  between  the  comparison  savings  and  the  comparison  set  point  sav- 
ings is  due  to  the  warmer  building  temperatures  encountered.  Energy  savings 
for  all  three  cases  have  been  reduced  by  the  power  consumed  by  operation  of 
the  greenhouse  fans. 

For  a  building  where  the  glazing  is  an  integral  part  of  the  building  (in  a 
direct  gain  system),  the  comparison  savings  most  adequately  describe  the 
energy  savings  realized.  However,  as  the  glazing  and  are  of  collection  be- 
come more  isolated  from  the  living  space,  the  building  savings  become  more 


meaningful.  A  greenhouse  system  is  in  between;  that  is,  it  is  a  livable 
part  of  the  building  when  greenhouse  temperatures  are  high,  but  less 
usable  when  temperatures  are  lower.  Consequently,  both  the  building 
savings  and  the  comparison  savings  have  periods  of  applicability  for  the 
greenhouse  system.  No  attempt  is  made  in  this  report  to  quantify  the 
energy  savings  resulting  from  the  application  of  energy  conserving  con- 
struction techniques.  That  is,  the  energy  savings  presented  in  the 
report  are  savings  resulting  only  from  the  use  of  the  incident  solar 
energy. 

III.  ACTION  STATUS 

One  air  flow  sensor  remains  inoperative,  but  the  missing  data  does  not 
alter  computed  system  performance.  The  instrumentation  of  the  wood 
stove  operation  is  being  changed  from  a  thermal  switch  to  a  stove  sur- 
face temperature  measurement  in  order  to  quantify  both  the  heating  rate 
of  the  wood  stove  and  the  effect  of  the  stove  on  comfort. 
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